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ABSTRACT

Spectra in the. 10 pumiegion were. obtained of 14 young stars associated with the p
Oph dark C10U d. Silicate dust emission and absorption features can be fairly well
1cproduced with simple models using the emissivity of the silicates in the Orion
Trapezium region, believed to be typical of molecular cloud dust. A spectrum of the
Trapezium star 0 Ori D was obtained to define this emissivi ty more precisely. The
emissivity of silicate dust around the late. - type giant p Cep does not improve. the fits
to the absorption featur es and provides a poorer match to the. emission features,
None of the. sources display astrong 11.25 pm peak like that seen in comet Halley
and attributed to crystalline olivine. A broad shallow feature near 11.25 pm, possibly
related to the. cometfeature, is evident in the. emission spectrum of the Ae star HID
J 50193. Absorption features toward two of the objects a1e narrower than would be
expected from Trapezium - like silicates, suggesting differences in the composition
of the silicates. The relation between the. silicate. extinction band depth and 11,0 ice
band depths is determined for the. deeply embedded objects. One late. — type object,
Flias14, clearly shows the 11.25 pmaromatic hydrocarbon emission feature., possibly
excited by the. nearby B star, 111> 147889, though the latter dots not exhibit the.

featule.




1. INTRODUCTION

Many young stars have silicate dust emission or absorption featus es at 10 pm.
The spectral shape of the. 10 pum Si- O band reflects the mineralogy of the. silicate.s.
Oxygen- rich late -- type stars and proto--planetary nebulae show a rich variety of
mincralogies indicative of the temperature and pressure. conditions in circumstellar
regions (e.g. Barlow 1993). It is usually assumed, based on the available spectra, that
silicates around young stars have. the broad, structureless shape peaking around 9.7
pm seen in molecular clouds: the "Irapezium" profile (Gillett et al. 1975; Whittet
etal. 1988). The Trapezium emissivity iS generally attributed to amorphous silicates
(e.g. Day 1974; Dorschner et al. 1988). }owever, narrower emission features
attributed to more crystalline. silicates have been reported around a few young stars,
such as AB Aur (Cohen and Witteborn 198S).

Silicates in comets, however, appear to have quite different spectra] shapes from
that of the. Trapezium (see Hannerer al. 1994 for a review). Comets are believed
to have formed in regions of the primitive solar nebula that were. cold enough for
inte.]-stellar grains to have been incorporated directly with little. alteration. But a
sharp spectra] peak at 1 J.2 pum, attributed to crystalline olivine, has been scen in at
least three comets, including P/Halley (Bregmaneral1 987; Campins and Ryan
1989; Hanner et al. 1990: 1.yncher al. 1992.). Could cometary grains have becn
annealed by heating in the solar nebula during the sun's T Tauri phase? If so, then
one might expect to see evidence of annealing in the silicate. dust around young
stellar objects. Aitkener al. (1988) repor ted a weak 11.2 pm feature in absorption
aong the line of sightto G1. 2591 which they attributed to crystaline. silicates.
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The current generation of infrared array spectrometers makes it possible. to
determine the spectra] shapes of the silicate features of young stars with improved
sensitivity and spectra] resolution over previous groundbased surveys (e.g. Cohenand
Witteborn 1985) and IRAS1.RS spectra.

‘I”he. nearby p Ophiuchus clond contains numerous young stellar objects,
including precursors of solar mass stars (e.g.1.adaand Wilking 1984), making it an
ideal region to conduct a survey. In this paper we. report observations of 14 objects
in the. cent1 a core of the p Oph cloud, selected from the lists of Flias (1978) and
Wilking and I.ada (1983). Our primary objective was to determine the. spects a
shapes of the silicate. emission and absorption bands for comparison to cometary
silicate emission. We have modelled each spectrum assuming a Trapezium - like
emissivity, then search ed f or deviations from this profile. For absorption features,
the extinction band depths due to silicates along the line--of — sight were also

estimated.

2. O BSERVATIONS
The spectra of the p Oph objects were. obtained at the United Kingdom Infrared
Telescope (UKIRT) on UT 29 May 1991 ant] 23, 24 June 1992. The 32— element
grating spectrometer CGS3 was used in the low resolution mode, giving a spectral
1esolution of approximately SS. Data were obtained through a 5.5” aperture, usually
at two grating positions approximately 1/2 resolution element apart. “Jhe sky

chopping throw was 15" EW in1991and ?2,0” W in 1992. Wavelength calibration




was determined by observing the emissionlines in the planetary nebula NGC 6572;
we estimate. the uncertainty tobe= 0.03 pm.

Sources were observed at airmass 1.4--2.0. Repeated spectra of 8 Oph (K2 111)
were used to define an atmospheric extinction correction at each wavelength and
eachsource spectrum was corrected to unitair mass, The flux standard was alyr,
assumed to be. a 9600 K blackbody with flux 1.17 X 107*Wm~2 pym~! at 10.1um
(Ricke eral. 198S).

On UT 4 Nov 1993, a spectrum of the. Orion Trapezium star 'O was
obtained with CGS3 at the same resolution. A 9.4” aperture. was used. Thisregion
contains extended 10 pm emission (¢.g. Gehrzeral 197 S). The sky chopping throw
was set to 90" XW to minimize contamination in the reference beam. The airmass
standard was « Tau; the flux standard was o« CMa, assumed to be a 10000 K
blackbody with flux 4.33 x 1072 Wm™2 pm’'”at 10.1pm.

The sources are listed in |-able. 1 ancl their spectra are plottedin Figs. 1-4. An
additional object, WL.16, is described in Hanner, Tokunaga, and Geballe (1992). For
objects with fluxes <1013 Wm2 pm'lthe spectra were smoothed with a triangle
function of FWHM= 0.2 ym to improve the signal — to— noise. The effective

resolution of these spectra is = 0.28 pm.

3. A NEW TRAPEZIUM FMISSIVITY SPECTRUM
Interstellar silicate. feat u1es are often compared to the. "Irapezium" emissivity
obtained from a spectrum of the. strong silicate. emission feature in the Orion
Trapezium H Hregion by assuming optically thin emission at a single temperature,
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250 K (Yorrest er al. 1975; Gillett et al. 1975). Vo define this emissivity more.
precisely, we observed the Trapezium star ' Ori]) as described above.. ‘I'he data
are shown in Fig. Ia.

The. overall shape of the. #?Oril> spectrum matches the. Foriest ef al. data
reasonably well. However, forbidden lines of Ar Ill at 899 pm, S IV at 10.51 pm
andNe Il at 12.81 pm, and an emission feature at 11.25 umcan be. seen in our
spectrum at spectra resolu tion R ~-55. A spectrum of this feature taken with CGS3
at a resolution of ~190 shows it to have. the. characteristic width and shape of the
11.25 pm aromatic hydrocarbon emission feat ure. We removed the. forbidden lines
by linear interpolation. T'o remove. the contribu ticm of the hydrocarbon bands at 7.7,
8.6, and 11.25um, we assumed that their spectra shape was the same. as that seen
inthe Orion bar (Bregman et al. 1989; Roche ef al.1989), scaled to fit the Trapezium
flux near 11.25 pm, as shown in Fig. la

The resulting relative emissivity obtained by subtracting the features and dividing
by a 2SO0 K blackbody is shown in Fig. Ib. ‘I’his profile. is similar to the. broad,
structureless silicate emission feature given by Gilletter al. (1975), Possible. structure
between 9.7 and 10 pm is uncertain due. to the possibility of incomplete correction
for the. strong telluric ozone. absor ption in this region. We compare the new

Trapezium emissivity to the. spectra of the. p Oph objects, in the following section.

4. MODEL, FITS TO THE SPECTRA
Determining the spectral emissivity of the silicates from observations requires
knowing the optica depths of al of the. dust components which contribute to the. 10
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pm spectrum. This is a difficult challenge., beyond the scope of this paper, requiring

knowledge of the densities, temperatures, and dust geometries (e.g. disks or spherical
enve.lope.s) aroundeachobject. Itisclear,for example., that the. silicate. emission
features of Fig.2 are. notdue solely to optically thin emission from Trapezium - like
silicates, since. the. feature. contrasts are lower than that of Fig. Ib. Dilution by
featureless emission or optical depth effects could account for the lower contrast.

Accordingly, we have. taken the approach of applying simple. models to test how
well each spectrum can be reproduced by assuming that the. grains producing the.
feat ure have. the 7Trapezium emissivity, £(4), given in Fig. Ib. We. modeled the
spectra in four limiting cases described below. The underlying continuum emission
in each source was assumed to follow a power law in wave length. The use of power
]aws rather than single —temperatur e. blat.kbodies is motivated by the. success of
models which include grains at a range. of temperatures to match the. spectral energy
distributions of young stars (e.g. Adams ef al. 1987; Hillenbrand er al. 1993). The
models given here clo not incorporate any specific geometries for the dust; more.
detailed modeling of the. entire. spectral energy distributions would be required to
constrainthe dust spatial distributions. The goal here isto see whether some. simple
modeling can reproduce the observed range. of 8—13 um spectra with a given
emissivity.

Fmission features were modelled with cases 1 — 3 and absorption features with
cases 3 and 4, described below. Yor each spectrum, a least squares minimization was
performed to determine best- fit values for the parameters: i.e. the optical depths,

spectral indices, and normalization factors.
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Case 1 -- Variable optical depth (after Cohen and Witteborn 198S)

A
AF, = 0(.(5’;,} @ - ‘,‘aulr(”) ()

With &(A) normalized at 9.7 um, the. parameter a, is the total silicate optical depth
at 9.7 um, 79 5. This sab model appr oximates adusty envelope. which both emits and

absorbs at 10 pm.

Case 2 —Twocomponent: Optically thick + opticaly thin emission

AF, = ao(-»g% » + az(—;‘j Y £ () (2)

The quantity f = a,/(a, + a,) is the. relative. contribution of the. optically thin grains
to the flux at 9.7 pm. This model might apply, for example, to an optically thin
envelope and an optically thick disk (or the. star itself), both of which both Contribute
to the flux at 10 um. The opticaly thick component could alternatively represent

emission f rom feat u reless dust,
Case 3 - Optically thinwith line of sight extinction (after Gilletter al. 1975)

M, = g e @

The parameter a, is equal to the. total line. of sight extinction at 9.7 pm, 74 -. Note,
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that both the emitting ant] the absorbing groins are. assumed to have. the. Trapezium
emissivity. This equation might apply to an optically thin circumstellar envelope.

obscured by cold dust along the line of sight.

Case 4- Optically thick with line of sight extinction

A ~a,e(})
A F = a.(-Z- m e ! (4)
2 = 4 9.7)

The parameter a,is the total line. of sight extinction at 9.7 pm, ¢ 5. This equation
might apply to an optically thick disk or envelope (or the star itself) obscured by cold
dust.

The best-fit parameters for each case are given in Tables2 and 3 and the fits
plotted in Figs. 2 and 3. Fitsto the emission features with case 3 were very similar
to those of case 1 and are not plotted,

The silicate optical depths derived under case 3refer to the extinction by cold
(non -- emitting) dust along the line of sight. If the extinction is interstellar, so that
the extinction of the. star and the. dust envelope are the same, then it is likely that
the derived optical depths are too high, given the estimated visual extinctions, A,
to these stars. For an extinction law typical of dust in the solar neighborhood,
Aylrgy - 18.5(Roche and Aitken 1984), the required A, values for HI)> 150193,
Llias 28, and Elias 13 under case 3 would be 9.6, 13, and 19, respective.ly, compared
to previously estimated values of 1.S, 4.5, and 2.2 (1 lillenbrand er 2l 1993; Cohen
and Kuhi 1979; Bouvier and Appenzeller 1992). Although the extinction laws to
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the.se. stars are not known precisely, this tends to favor either model 1 or 2 to explain
the observe.cl emission features. For mode.] 1 to avoidthe same objection as model
3, the. geometry must be. such that the. extinction of the star is only a small fraction
of the extinction in the dustenvelope.

The main l-esuit is that al of the. silicate features canbe fairly well matched by
the Tiapezium emissivity using one or more models, with some possible deviations
noted below. For the emission features, adoption of a variable optical depth (e.g.
Cohen and Witteborn 1985) is not necessarily required. Such a model does
reproduce the. HI> 1S0193 spectrum well, but a two— component model provides a
comparably good fit to Elias 28. Thus, the observed contrast in the silicate. emission
featur e. does not necessarily provide a directmmeasure of the. silicate optical depth,
since an optically thick compon en t will lower the contrast.

For the. absorption features, the optically thick model with extinction (case 4)
reproduced the. data fairly well. Optically thin emission with extinction (case 3)
improves the fit at the bottom of the band in all cases (especialy WI. 12, Elias 21)
but requires the flux to drop sharply at 8 um, which is not consistent with the data
This is because the. exponential extinction affects the wave] engths near the. peak of
the band more. strongly than the. wings. Gilletter al. (1975) found that including
optically thin emission did impr eve. the. fits to the silicate absorption features toward
deeply embedded H 11 regions.

WC. also investigated whether the narrower, more. symmetric, silicate. emissivity
secn around the. late-type giant p Cep (Roche and Aitken 1984) would provide

better fits to the young stars. Roche and Aitken suggested that silicate. dust in the

10




diff use interstellar medium is more consistent with the p Cep emissivity. We found

that the. agreement was never better than the. Trapezium models. Yor the strong
emission features in 111D 150193 and Ilias 28, models with the u Cep profile were
significantly worse. (e.g. Fig. 5a). For the. absorption features, no reasonable fits
couldbe found using the. p Cep profile. with case 3; fits using case 4 were generally
of comparable quality to those obtained with the Trapezium emissivity (e.g. Fig. 5b).
Whitteter al. (1988) found that the. Trapezium gave a better match thanpu Cep to
silicate. emission and absorption featuresin the region of the Taurus dark cloud.
Thus the silicates along the. lines of sight to these young stars in the. p Oph cloud
generally appear to be. similar to Trapezium silicates. With the. possible exceptions
discussed below, there does not appearto be structure, in the. slicate. spectr urn. in
particular, none. of the. spectra show a p1 eminent 11.2 pm feature. similar to that
observed in Comet Halley and attributed to crystalline. olivine (Bregmaner a. 1987,
Campins and Ryan 1989). This implies either that substantial thermal annealing of
the. silicates has not yet occurred in the. cloudor that, if thermal annealing has taken

place close. to the stars, the. annealed grains are concealed by optically thick shells.

5. DEVIATIONS FROM THE TRAPEZIUM EMISSIVITY
5.1 11D 150193
Although none of cmr sources display a strong 11.2 pm peak like that seen in
Comet }lalley, excess emission near 11.25 pm at the. 10 percent levelis evident on
the wing of the strong emission feature. in the. Ae star 111D 1S0193. A similar

emission feature. at 11.25pm may be present inlilias 28 and }:lias 13 but the. lower
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signal/noise. in these spectra makes its reality uncertain. For 1111150193, the feature
appearts to be broader than the typical aromatic hydr ocarbon emission band at 11.25
pm (FWHIM - 0.2.- 0.4 um; Witteborn er al. 1989, Roche ef al. 1991) and there is
no evidence of emission from the related hydrocarbon 8.6 pm feature or the. wing of
the. 7.7 pmfeature. Yet 1HID 150193 is a Herbig Ae/Be star (Finkenzeller and Mundt
1984) and it is not unusua for such stars to exhibit emission from the. hydrocarbon
bands (Brooke er al. 1993), Brooke et al. (1 993) did not detect the. aromatic 3.2.9 pym
feature inHI> 150193 and placed an upper limit to the 3.29 pm feature flux of 0.8
x 107 Wrn*?, Based on a typical flux ratio of the. 1 1.25/3 .29 bands of -2-4 (Puget
and l.eger 1989), the 11.25 pmaromatic emission could contribute., at most, only
about half of the. excess flux at 11.25 pm, although this flux ratio varies substantialy
from object to object (Cohen ef al. 1989). Observations at higher spectral resolution
are neededto clarify the possible contribution of aromatics and better define. any
new silicate feature in HI) 150193.

There isadip near 9.8 um in the. spectrum of 111>150193, producing an apparent
maximum in the. silicate emissivity af around 9.4 pm. No strong aromatic features
lie in this region, The dip occurs in the. region of strong telluric ozone absorption
but, if real, the peak at 9.4 pmcould indicate. a compositional difference in the

silicates around this star,

5.2 Absorption Features
There appear to be significant deviations from the Trapezium emissivity in two
of the absorption sources; both Iilias21 and W]. 12 require a silicate emissivity that
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is narrower than that of the. Trapezium. To illustrate this, the. parameters for the
Case 4 fits were used toinver t the. data and obtain new 1elative emissivity profiles.
This procedure is valid as long as the true emissivities do not differ greatly from the
Trapezium emissivity and the. model assumptions are correct.  The derived
emissivities normalized roughly to the.ir peaks are. shown with the Trapezium
emissivit y norm alized in the same way in Fig. 6. Elias 2.1 and WL 12 have. similar
profiles that are. lower than the Trapezium on the long wavelength side. This
nanrower profile could indicate. differences in the. composition of the. silicat es. T 'hese
two objects have the. coolest dust continuum emission of any sources in our sample..
The wavelength of maximum and the. width of the central part of the. feature are.
similar to the. p Cep emissivity although the wings differ.

Cohen & Witteborn (198S) concluded that a few young stars, such as the
Herbing Ae/Be star AB Aur, had silicate. emission features narrower than expected
from the Trapezium emissivity; they attributed this to more. crystalline. silicates. in
contrast to Elias21 and W]., 12, AB Aur matches the. Trapezium on the long
wavel ength side, but requires a narrower emissivity on the short wavelength side, so
different materials appear to be. involved.

Both crystalline and amorphous silicates can differ in the width and the
wavelength of maximum of their 10 um spectral feature. (see discussion in Hanner
et al. 1994). Amorphous olivine (e.g. Stephens and Russell 1979) and amorphous
pyroxenes (e.g. Dorschner ef al. 1988) have both been suggested as plausible
candidates to explain the Trapezium emissivity, the. pyroxenes tending to peak at
shorter wavelengths compared to olivine (see. also Day 1979; Krétschmer and
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} luff man 1979). Ncme of the samples measured in theses papers displays a 10 ym
feature wide enough to explain the Trapezium emissivity by itself, assuming grain
radii < 0.S pm. Some of the amorphous materials do have features wide enough to
match a narrower feature like those seen toward Lilias 21, WI, 12 or AB Aur, though
we have not found a precise. spectra] match. Koike and Hasegawa (1987) suggest
that the width of the 10 um feature in amorphous silicates is correlated with the SO,
content, with higher SiO, content leading to progressively narrower features peaking
at shorter wavelengths. Thus compositional differences within amorphous silicates
may be sufficient to explain the deviations from the Trapezium emissivity seen in a
few young stars, without the need for invoking a higher degree of crystallinity.

A change in the mean particle size can also affect the width of the 10 um silicate
feature; larger particles cause the feature to broaden on the. long wavelength side.
This effect is significant for particles with radii > 0.75 pm, larger than the canonical
value for interstellar grains (Draine and 1.ee 1984). Note also that the grains in the

Trapezium would have tobe the larger ones,

6. SILICATE ANI> H,OICE BAND DEPTHS
Our models provide estimates of the extinction due to silicate grains toward the
young stars in the p Oph cloud under different assumptions. The extinction due to
silicates can be compared to the extinction at other wavelengths to determine the.
broad optical properties of the grains along the line of sight. Values of the total

visual extinction, A, are difficult to estimate for the deeply embedded objects.
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These objects do exhibit 3pm11,0ice absorption bands, however. Thuswe limit
the discussion to a comparison of the. silicate. and 11,0 ice band depths.

A major uncertainty in the estimation of the. silicate band extinction depths
towards the embedded sources is the possibility of intrinsic silicate emission in the
sources. Our two models give. good upper and lower limits to the extinction. in the
limit that the intrinsic emission is optically thin (case. 3), the derived optical depths
are greater by - 2, compared to the optically thick model (case 4). As discussed
above, the model which included optically thin emission did not in genera provide
better fits to the spectra compared to the model with extinction only, (see Fig.2 and
Table 3). Also, if there were optically thin emission, the extinction were interstellar
(so that the. star suffers the same extinction as the emitting dust), and the extinction
law were similar to that in the solar neighborhood, Ay/7¢ - - 18.5 (Roche and
Aitken1984), then the implied A, values for the visible stars Elias 22, Elias 30, Elias
16, and 111>147889 would be. extremely high: 31, 44, 27, and 42 mag, respectively,
compared to previously estimated values for these stars of 6.6, 5,0, 6.2, and 4.6 mag
(Bouvier and Appenzeller 1992; Adams ef al. 1987; Elias 1978). The implied A,
values for the optically thick case are closer to the. literature values, though only
upper limits can be obtained for Elias 22 and Flias 16. For these reasons, we will
assume. in this section that there is no significant silicate emission in the embedded
sou rees.

Figure 7 shows the H,O ice band optica depth, 75, from Tanaka er al. (1990),

plotted against the silicate band optical depth for the. p Oph sources in which both
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features were detected. There is rough correlation, though with considerable scatter;

aformal weighted fit gives:

1505 =1.0610.04(ty, - 0.004 1+ 0.021). ()

It would be useful to compare this relation to the results for embedded young
stars in other clouds. The. slope is a measure. of the extent of ice mantling on grains;
a negative, intercept could indicate an extinction threshold above which H,O iceis
shielded from destruction by the interstellar or circumstellar radiation field (cf
Whitteter al. 1988). Whittet et al. obtained ice and silicate optical depths for four
embedded young stars in the Taurus clond assuming no intrinsic silicate emission
in the sources, but the data show too much scatter to define any clear relation at this
time. They also obtained data for field stars behind the Taurus cloud, but there is
at this time insufficient data to say definitively whether the. 75 o5 vs. 7, relation for
the p Oph embedded objects is significantly different from the relation for the
Taurus field stars.

Note that even a small amount of intrinsic emission would tend to shift the
points to the right on Fig. 7, rendering conclusions about the slope and threshold of
the 73 g VS. 7¢ 4 relation somewhat uncertain. FFurther progress in the determination
of this relation for the p Oph cloud will come from better observations of the

absorption band depths in background stars free of circumstellar dust.
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7. AROMATIC HYDROCARBON EMISSION FEATURES IN E1.IAS 14

The spectrum of Elias 14 is plotted in Fig. 4. An emission peak at 11.25um is
clearly visible, with a width - 0.4 pm, consistent with the 11.25 pm aromatic
hydrocarbon feature (see. e.g. Roche et al. 1991). The rising slope near §pum is
consistent with the presence of the ‘7.7 um feature, but the expected 8.6 um feature,
if present at all, is weak. Elias 14 is the. second young stellar object with strong
aromatic emission features we have found in the p Oph cloud;the first was WI. 16
(Hanner et al. 1992). Both sources exhibit plateau emission longward of the 11.25
pm feature, but there is no clear evidence for the 12.7 pm feature seen in WI, 16 in
the Elias 14 spectrum.

The presence of aromatic hydrocarbon emission feature.s in Flias14 is surprising
since the spectral type. of this object is estimate.d to be KO (Bouvier and Appenzeller
1993), and the family of aromatic emission features is usualy seen in regions of high
ultraviolet flux (for a recent review, see Sellgren 1990). Furthermore, the star dots
not show a significant dust excess in groundbased photometry; the in frared colors up
to 10 um are consistent with a reddened photosphere (Lada and Wilking 1984).
However, Elias 14 lies only about 10’ away (projected distance 0.S pc for a distance.
d= 160 pc) from the B2 V star 111> 147889, andin the region of extended IRAS 12
pm emission excited by this star (Greene and Young 1989). So it seems plausible
that the B star excites the feature in the dust around Flias 14. Interestingly, HD
147889 itself does not show any evidence of the 11.25 um feature (Fig. 2), perhaps

due. to destruction or dehydrogenation of the aromatics near the star.
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Two stars with silicate absorption features (Flias 23 and FElias 30) also appear
to have some excess emission at 11.25um, though the cancellation of the sky
background is poor in each case. Flias23 aso lies in the regionof strong 12 pm
emission around | ID 147889 (as does Yilias 21); Flias 30 lies just outside. this region.

Both are classified as KO (Bouvier and Appenzeller 1993; Chini 1981).

8. CONCLUSIONS

1. Silicate emission and absorption features toward young stars in the p Oph
cloud can be fairly well represented by the. Trapezium silicate dust emissivity
common in molecular clouds using simple. models. This indicates that substantial
thermal annealing of the. silicates along thelines of sight has not occurred. If
thermal annealing has taken place close to the stars, spectral signatures of the.
annealed grains are masked by optically thick shells. The emissivity of the dust
around the late— type giant u Cep does not provide significantly better fits to the
absorption sources and provides a poorer match to the emission sources,

2. “I'here are possible deviations from the Trapezium emissivity in some objects,
which could indicate differences in silicate composition. The strong silicate emission
feature in the Herbig Ae/Be star HID1 50193 shows dcviations at the. 10% level from
the Trapezium emissivity at 9.4— 10 um and near 11.25um. Narrower silicate
features are seen in absorption toward two objects, Elias 21 and WI-. 12.

3. Silicate extinction band depths were estimated for the deeply embedded
sources. The slope of the 75 45 vs. 75 relation was estimated (assuming no intrinsic

silicate emission in the sources).
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4. Atleast one KO star in the. cloucl, Elias 14, shows the 11.25 pm emission

feature due to aromatic hydrocarbons, probably excited by the nearby B2 V sar, HD

147889.
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FIGURE CAPTIONS

Iig. 1 «(a) Spectra of the Orion Trapezium star #' Ori ID obtained with the UKIRT
CGS3 low resolution grating through a 9.4 aperture. Dashed line is the scaled Orion bar
aromatic hydrocarbon spectrum. (b) Relative. emissivity found by linearly interpolating
under the emission features, subtracting the component due to aromatic hydrocarbons, and
dividing by a 250 K blackbody. ‘I’he relative emissivity has been smoothed by a triangle
function of FWHM =0.2 pm and normalized at 9.7 pm.

Fig. 2(a— ¢)~ Spectraof p Oph sources with silicate emission features obtained with the
UKIRT CG S3 low resolution grating through a S.5” aperture.. Modelfitsare. described In
the text.

Fig. 3(a—j) — Spectra of p Oph sources with silicate absorption features obtained with
the UKIRT CGS3 low resolution grating through a 5.5" aperture. Mode.] fits are described
in the text,

Fig. 4 —Spectrum of Elias 14 in the p Ophcloud obtained with the UKIRT CGS3 low
resolution grating in 1992 through a 5.5" aperture..

Fig. 5- (a) Fits to HID 150193 using the p Cep emissivity profile. (b) Fit to Elias 21
using the p Cep emissivit y profile..

Fig. 6-Resulting emissivities of Elias 21 and WI, 12 after inverting a fit with extinction only
(case 4). The emissivities have been normalized roughly to their peaks.

Fig. 7-~ 11,0 ice band optical depths from Tanakaer al. (1990) plotted against silicate.

absorption band depths for deeply embedded p» Oph sources, assuming no intrinsic silicate

emission. Dashed line is the best least sguares fit.
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TABLE 1

Log of the Observations

Date Integration Time

(UT) (min)
N1 147889 5/29/1991 6.7
(Klias 9)
Elias 13 20
Elias 14 20
Elias 16 20
Miss 21 2.7
Klias 22 5.3
Elias 23 53
Klias 28 53
Elias 29 2
Klias 30 53
HD 150193 33
(Flias 49)
Flias 14 6/23/1992 40
Elias 24 13.4
Flias 33 6/24/1992 8
w1, 12 12
0o 11/4/1993 4
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TABLE 3

Fit Parameters for p Oph Absorption Features

Flias 29

w1, 12

Elias 33

Miss 21

Flias 24

Flias 23

Elias 22

Iohas 30

Klias 16

11 147889

Case 3 Case 4
opt, thin w/extinction Opt. thick w/extinction
ag m To.7 x?, ag m Tox Xf’;
7964 -083 338 43.2 1466 -067 151 105
(4.2) (0.01) (0.01) (0.7) (0.01) (0.01)
528  0.55 306 76 94 0.69 1.15 41
(0.8) (0.03) (0.03) (0.1) (0.03) (0.03)
398 -114 217 46 76 097 036 18
(0.7) (0.04) (0.03) (0.1) (0.04) (0.03)
1945 136 240 79 369 152 061 8.6
(1.6) (0.02) (0,01) (0.3) (0.02) (0.01)
261 -086 187 32 50 065 010 17
(0.6) (0.05) (0.03) (0.1) (0.05) (0.03)
398 095 203 21 76 075 026 22
(0.6) (0.03) (0,03) 0.1) (0.03) (0.02)
412 -1.22 168 45 8.3 -1.01 0.0 2.5
(0.5) (0.03) (0.02) (0.1)  (0,03) (0.02)
3.2 -118 236 48 6.8 -1.01 054 26
(0.8) (0.05) (0.04) (0.1) (0.04) (0.03)
39 -137 148 31 091 -138 0.0 2.8
(0.4) (0,24) (0.14) (0.03) (0.21) (0.14)
169 -281 231 15 3.0 255 043 12

(1.5) (0,21) (0.15)

(0.2) (0,20) (0.14)

*Units are 10 Wm~2.




~2

o

j
T
]
|

0! ori D

(o))
o
Y
.
e

'_lf\ ...' ..l .
E - o [
o0 .
Ni . e ..
IE o€ "..\
40 ] - T
= .
«© 30 . ..
| . °
2 . oe' ee@.
N~ ¢ FHx
w20 .
:j .
[I-‘ 10 ....
0 I 1 _l_l_ _____ TJ‘] | nd I A U A T NI W t - ~ e 1ot vt vy " § ndl IR

8 9 10 11 12 13
wavelength (um)

—a
.Y
J
o
J
]
-
]
3
4
<
4
J
4
d
4
o
J
J
P
4
J
4
-
J

0' Ori D/B,(250 K)

—a
AV
YIYIIT

—_
o

Relative emissivity
c o ©

A o @

T P T l T T T 1 71 l
z

©
m.
T l T

1l!!ll!11!!11]1]1!!!!!1!!!‘1

©
o

EEE I W AW W W T N TS S O S IR ST I W

8 9 10 11 12 13
Wavelength (um)




Flux (107" Wm™%um™)

10

l llllllll l lllllll l """"""" ] TTTTTTT I """""" [I LALS
HD 150193 -
—-—- Case 1 - Variable T 7
—-- - Case 2 - Two components -
e

8 9 10 11 12 13

TV TY

IIIT{IIYIJIITY]YIIIIITIT

SN N T TE TR WYY NN T | T A O I

8 9 10 11 12 13

:
k]

| I T I

Wavel ength (tem)

It 1 1

ll!llll]!l

!
| -

1




0.50

Flux (107" Wm™%um™)
o o o
N w N
S S S

©
[N
o

0.00 L

IIIIIITIITIIVIIIII

.|-uv--vvv!lvvvvaY‘T“T"]—r"T‘r‘ vvvvvv Ty Vyry ¥y ry—rr T rrrrev7rTroTrTry T v~

Elias 13

\

T

El

S a2l

{ : q
115111]11;11111111111

8 9 10 11 12 13




8 9 10

11

Y=reY A DAL AL I G S e A " llll —TWW—TWWI L] Y' lllll ﬁw
Klias 29 ]
n 15 = -~ case 3- Thin with ext. .
g Case 4 - Thick with ext. |
o
\ N
g .
o 10 -
' .
o R
—{
;“ 5 NG oy o]
ks 0 s N,
e q.nn;n)r‘,”/’ d %:
O - - A [ A0 8 1 ll lllllllll lJ 11 l.1
8 9 10 11 12 13
]-2 [ TV vy ey ! LA .
~ 1.0} :
! i 4
£ [ ]
c?li 08 — ]
e | :
& 0.6 - .
' -1
o R
hat N
Z 04} ]
> i 4
5 ~
o2 -
0.0 v b e a0y Lo e na o laaa a0, P NN NNy W) J_L_J_l_J_L_LL_.LLJ

12 13

Wavelength (pm)



11

10 12
Wavelength (um)

5 [ Tl | B IVT_YT_T‘Y"?“r‘r—'ﬁ" IIII TV vy rr v v Ty vV vy vy | B '-

: Flias 21 :
ToAr B
g [ L]
Ni - ﬂ ‘?,4’“'3 ’o;.T“
e 3F 1% osaeas TS ki
g L: / \\ /. .
) / ~
T o 7/ ;\\ ‘//O. -4
S Rr DL .
S ? _
» - N
o - N
Bo1p B
O :_1_1 P I ST U O S | W NN 1oy s v n g4 g w1,y Al J,J_.l_l]

8 9 10 11 12 13

Wavelength (um)

!

A




2‘0 YV T T T T T TYYYTYTTYT ) B 'W‘YT‘"“'T_T'T_TW‘II LA | LN SR LEL A B B e | T ¥ Vo rvrrr
I Klias 22 |
5 1.5 -
o | ]
i
g [ P :
. Lof N“h*‘ﬁ\{ ;
- N 7 N
i | $ 4
S R *} Q‘!-’&a A
NI N
i 1
5 05} ‘h’\"’mtﬁ,“
= %
0.0 “1 PR W S O S AR B A | N | A | A AN O E | O | - .H
8 9 10 11 12 13
Wavelength (um)
1.2 BERELE L B e e R A fn s s T Ty ey vy
: Flias 30
|
£ [ ]
~t 0.8 ]
E T :
. 06 -
S5t :
= 0.4 - ¢ +{
% [ TS P v s SPPRIE
— 5 * é* o
b -




T T T T TTYT T TTTY LA L A B S (D SO S SN S S A S Ban ¢ Fyryrrvyyrvyorrr rrrryrrrror Trvr

Flias 24

Flux ( 07 °® Wm™2um™)
o
o

'®) o
o IN
T l H T T ‘[ T 1 ki ] T 1 T
—e—
b—-.—‘
——
——
——
1o~
-
{ [+
(L o]
é
b
é«

——
/,
/

'R R SR IS N N RS AN S A N R R N S T

8 9 10 11 12 13
Wavelength (pm)

1.2 AAMJRAJIA A B AL S S A S e i St 2 it e e B vl 2 o o o o e Wi R-rI vvvvvvvv | LR I A S B o v vr i
[ Flias 23 |
_ 1of , .
I i 4
S I i
ot 0.8 .
E 1 :
© 0.6 \f\§\§§ —]
| i -f\fﬁﬂi - ]
0 i 1?‘*#41
- 04 Frgvapl
x -1
R [ i
0.2 ~
OO -l IS S A A VA Laaa g PN W WIS I W Ly et g1 s 00y Laaa 1-

8 9 10 11 12 13
Wavelength (um)

- |
s ~




T r T Ty T T T T T T T oY

Elias 16

]

8 9 10 11 12 13

S — S R —
HD 147889
TE 0.6
o
|
£
204
s
b
5 0.2 N \*
s i ‘ﬁ*\f‘\}\i_* * *
t Tﬁ*f“}‘}
OO N T S A A I A S Lo 1 E T A I A A A O a0 a0 0 124 | A A A N I 11

8 9 10 11 12 13



Flux (107" Wm™%um™)

0.40 T T YT FT T S e
? Flias 14 :
0.30 — _
0.20 | +§H E
N + _:_
- é . ++§+§§ E
- + “’ ¢ + * _5
0.10 :
: * ¢ +++ +++ bopt ++**#*+,,¥*é{ ]
X ++ *e? *} .
0.00:“.l ......... Lt saan S Y Lottt it Lt ttaeins 114“:
8 9 10 11 12 13



1 O [T’r_'_v"r‘r"’r‘m—w—r“r‘w—rr‘r AL AL R (L AL S G A S S L (L B S S N O Bt S S B S S S0 M e e o Ty
HD 150193 i
T ~ - - Case 1 - Variable + -
g ———— Case 2 - Two components :
N
'E i Cep Profile N
S 4
o ]
: n
o p—
H -
N 4
3 -4
» -
O LJ A AL l lllllllll l lllllll l | T W O T T T | l JJJJJJJJJ I lllllllll l A_4 4 ]
8 9 10 11 12 13
Wavelength (um)
S RARRRREEER S S . , : I
Elias 21
’TE 41 —  Case 4 -Thick with ext. -
/'
<\,>3‘ } *‘}’ . .(n'“*‘u'ﬁ
E 3 - .’ [ X )
= b‘.\‘r\.. ;/ I
| () L ]
@) 2 13 . Y _
= .\iq ?‘/.
¥ ¢
j -
= 1
O[lJll' lllllllll b s s FETS I RN I AT R Ul ST O S gl i Lt 1_1_1_1_-_|
8 9 10 A1 12 13
Wavelength (um)
\i/\ - i’)O ‘ L.’;) !/




Relative emissivity

1.4i“””' . o T +
12 + Ilias 21

- - WL 12
1.0 Trapezium

0.8

0.6

0.4

0.2
0.0

lll]]lll]!l![ll!

10 11
wavelength (um)



2.0

1.5

0.5

1.5

10

05

0.0



